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ABSTRACT

Qur recent study has proved a strong correl ation
bet ween the | owfrequency AC applied magnetic
field anplitude dependence of the asymmetry of the
nagnet oacousti ¢ enission (MAE) burst and the
strength of the donain wall-defect interactionin
i ron-base ferromagnets. For the present study the
AC magnetic field frequency dependence of the
asymretry has been investigated in the range of 1
to 200 Hz. Wien represented by the third norment of
the rectified acoustic em ssion pul ses, the asym
netry becones a bel | -shaped function of frequency
with its center located around 25 Hz. This exper-
i ment has been performed with | ow carbon, high
yield stress steel specimens of three different

l evel s of domain wall-defect interaction
strength. The results show that the increase in
the interaction strength causes a vertical down
shift of the asymmetry in the entire frequency
range investi gat ed.

I. I NTRCDUCTI ON

Certain naterial characteristics originate from
properties which are localized in a scal e mich
small er than the resolution linit of nost nonde-
structive eval uati on (NDE) techniques. A typical
exanple is tenper enbrittlement in | ow carbon
steel with high yield stress which is caused by
the trapping of inpurities such as sul phur, phos-
phorous, tin, antinony and arsenic in the grain
boundari es during the post heat treatment after
casting [1]. The high density of these el enents
weakens the nechani cal strength of the grain
boundari es significantly reducing the i npact
resistance of the material. Neverthel ess, other
static material properties such as el astic nodul us
and tensile strength remai n unaffected by tenper
enbrittlement [1].

The MAE technique is known to provide detail ed
information onthe |l ocal interaction between grain
boundari es and magnetic donain walls during the
repeat ed changes i n the magnetic states i nduced by
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an external ly applied ACrmagnetic field [1,2]. It
was al so found that an ascendi ng asymmetry in the
MAE burst, formed by a train of individual pul ses
observed for every half cycle of the hysteresis
| oop, is caused by enbrittlenment, whereas a
descendi ng asymetry i s caused by a uniaxial com
pressive stress applied parallel to the AC
magnetic field [3,4]. The forner is based on the
donmai n wal | -defect interactionwhilethelatter is
based on the conpressive stress-induced ani sotro-
pi ¢ viscosity of nagnetic domain walls.

In our recent study the asymmetry in the MAE
bursts was paraneteri zed as t he skewness fromt he
spectrumaver aged over 50 hal f cycl es through the
hysteresis loop and its dependence on the anpli -
tude of the applied AC nagnetic field at 0.7 Hz
has been investigated [5]. The skewness was found
to be a decreasing function of the ACfield anpli -
tude, and the probability of separating the
unenbrittled and enbrittled speci nens was seen to
be enhanced by this method. The present study is
to investigate the effect of the AC applied nag-
netic field frequency variation on the skewness to
study whet her an even clearer separation of
enbrittled sanpl es can be acconpli shed.

I'l. EXPER MENTS AND NUMER CAL PROCESSI NG

Three | ow carbon steel sanples were sel ected for
the present study. The first sanpl e has never been
post heat treated and is unenbrittled. The second
sanpl e has been heat treated for 1 hour and the
third one has been heat treated for 50 hours at
538°C after casting (see Ref. 1 for details). The
i npact strength of the these sanples are estinated
to be about 210, 89, and 11 newton-neters (127, 54
and 6.5 ft-Lbs) respectively. Details of the
experimental setup can be found el sewhere [ 3,4] so
that only the nurmerical processing procedure will
be fully descri bed.

Due to the randomnature invol ved in the continu-
ous cycles of nagnetic donain wall recreation-
anni hi |l ati on over the hysteresis loops, it is nec-



essary to average the MAE spectra obtained for a
certain period. The digitized signals of MAE spec-
trumwere rectified and summed for 50 hal f cyles
of the hysteresis | oop and the skewness was cal -
culated fromthe resultant spectrumas foll ows.

The first step is to construct a nornalized
distribution fromthe rectified and averaged MAE
spectrumwhi ch is defined as
h(t;)
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where h(t) represent the average rectified

i ndi vi dual pul ses of the raw MAE spectrum g (t)
was then snmoothed and the first monent was

obt ai ned as
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which is the wei ghted average of the points t.
The variance is then defined as
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which is a measure of the spread of g(t) about
its mean. The skew is then defined as fol |l ows:
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The frequency of the AC applied magnetic field was
varied from1l to 200 Hz and increnented differ-
ently over various ranges of frequencies. The
signal -to-noi se rati o decreases significantly at
hi gh frequencies. Hence, for the sake of clarity
and wi t hout | osi ng any meani ngful informaton, the
experinmental results were presented up to 50 Hz.

The power supply output was controlled by the

si nusoi dal signal s froma function generator which
has been maintained at a constant anplitude
throughout the entire experiment. The actual AC
nmagnetic field anplitude in the sanples, of
course, varied upon frequency change. To establ i sh
a reference, the peak AC nagnetic field anplitude
at the surface was neasured using a Chattock-type
nmagneti c potentiometer [6]. The potentiometer was
fabricated by w nding 450 turns of 36 gauge wire
on a semcircul ar-shaped pl astic core of 25.4 nm
di aneter and approxi mately 4 x 5 mf cross- sec-
tion. For calibration a sinusoidal AC nagnetic

field was produced by a helnholtz pair, and the
l'i near rel ationshi p between t he peak anplitudes of
integrated potentioneter output and the AC mag-
netic field has been established. The purpose of
integration was to shift the entire wavef ormsuch
that the peak anplitude of magnetic field at the
surface of the sanple can be neasured while sat-
isfying dg/dt = 0 which is the condition for a
vani shing surface current where @ is the total
magnetic flux. Hence, the peak tangential conpo-
nent of the nagnetic field i medi ately outside of
the surface was the sane as that inmediately

i nsi de the surface of the sanple [5]. The results
of these neasurenents are shown in Fig. 1.

I1l. RESULTS AND DI SQUSSI ON

Fig. 2 (a) shows the output of the induction

pi ckup coil and (b) shows the raw MAE spectrum

obtained with the untreated sanple at .7 Hz. The
rectified and averaged MAE spectrumis shown in
Fig. 2 (c) and the spectrumwas further processed
by snmoothing as seen in Fig. 2 (d). The skewness
was then conputed fromthe final formof the MAE
spectrumas described in the previous section.

Fig. 3 shows the pickup coil output and the pro-
cessed MAE spectrumobt ai ned wi th the sanpl e heat
treated for 50 hours. Cne can i mediately notice
the difference between the MAE spectra of Fig. 2
(d) and Fig. 3 which is due to the effect of the
enhanced nagnetic donain wal | -defect interaction.

As is well known, the 90° domain walls in iron-
like ferromagnets are mainly responsible for the
generation of MAE[3,4]. Wth higher concentration
of inpurities the grain boundaries of the enbrit-
tled speci men becone stronger pinning sites. The
motion of 90° domain walls requires a stronger
driving force which is only achieved at a later
phase of the AC applied field cycle. Hence the
peak MAE anplitude in an enbrittl ed sanpl e appears
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Fig. 1. Peak anplitude of surface magnetic field
as a function of AC applied magnetic field
f requency.
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Fig. 2. Pickup coil output and MAE spectrum of
the untreated sanple at 0. 7Hz

later in time conpared with that of an unenbrit-
tled sanple.

The | ower and upper limts of processing were
sel ected by finding the maxi mum sl ope in the

pi ckup coil signal for the frequency up to 15 Hz.
The skew was conputed for the three sanples and i s
shown in Fig. 4. Apparently, the frequency depen-
dence of the skewis alnost identical for all

t hree sanpl es except that the curves are separated
vertically. Such an initial increase in the skew
can be expl ai ned by an accel erated nmotion of 90°
donain walls as the rate of change in the flux
becomes nore rapid.

Fig. 5 shows the pickup coil output and the pro-
cessed MAE spectrumobtained with the 50 H. heat
treated sanple at 25 Hz. Asis seenin Fig. 1,the
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Fig. 3. Pickup coil output and MAE spectrum of
the 50 hr. heat treated sanple at 0.7 Hz

magnetic field strength in this frequency range i s
consi derably | ower and the B-H sweep occurs al ong
a mnor hysteresis |oop causing a nuch different
shape of the pickup coil output. Hence, the | ower/
upper limts of the processing region were
selected fromthe mnima of the MAE spectrum
obtai ned for one half cycle of the hysteresis

| oop.

Fig. 6 and Fig. 7 showthe results of the skews
for the frequency ranges of 15-30 Hz and 30-50 Hz,
respectively. The skew changes froman i ncreasi ng
to a decreasing function at approxinately 22 Hz.
Such a reversal in slope is directly related to
the limt of mobility of the 90° domain walls in
response to the externally applied AC nagnetic
field. It is, however, unexpected that the overall
AC magnetic field frequency dependence of the skew
i s i ndependent of the domain wall-defect interac-
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Fig. 4. Frequency dependence of skew in | ow
frequency region
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Fig. 5. Pickup coil output and MAE spectrum of
the 50 hr. heat treated sanple at 25 Hz

tion strength except for a separation along the
vertical axis. These results may confirmthat
there exists a certain fraction of 90° domain

wal I's invol ved i n MAE maki ng a frequency i ndepen-
dent contributionto the skew Nevertheless, it is
clear that varying the AC nagnetic field frequency
does not add any new capability for differentiat-
ing between the enbrittled and unenbrittled

sanpl es. Further, the present results justify our
original decision of choosing a very | ow AC nag-
netic field frequency (0.7 Hz) for the MAE
enbrittlenent characterization [3,4].
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Fi g. 6. Frequency dependence of skew in inter-
nedi ate frequency region
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Fig. 7. Frequency depencence of skew in high
frequency region

V. SUMWARY

A series of experinments were perfornmed to inves-
tigate the AC applied nagnetic field frequency
dependence of skew of three | ow carbon steel sam
ples with varying degrees of domai n wall - def ect
interaction strength. The skewis found to
increase initially, reaches a maxi numat about 22
Hz, and begins to decrease with further increases
inthe AC applied nagnetic field frequency. This
result i s explainable, such a trend bei ng i ndepen-
dent of the interaction strength is, however,
unexpect ed and needs to be studi ed nore systenat -
ically for a better understanding of the basic
properties of ferronagnets.
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